Background/Aims: The purpose of this study is to analyze the expression and biological function of lncRNA ANRIL, microRNA-199a, TLR4, and nuclear factor-kappa B (NF-κB) in acute renal injury (AKI) induced by lipopolysaccharide (LPS). Methods: The levels of ANRIL and mi-croRNA-199a in mouse cells and kidneys were detected by quantitative-polymerase chain reaction. Western blot analysis was used for the NF-κB pathway protein. MTT assay was used for cell viability. Enzyme-linked immunosorbent assay was used for the secretion of inflammatory factors in mouse kidney tissue. Apoptosis was measured by flow cytometry and Western blotting. The potential binding region between ANRIL and miR-199a was verified by luciferase reporter assay. Results: The upregulation of ANRIL can reduce the expression of microRNA-199a and increases the number of apoptotic cells. The expression levels of ANRIL in LPS-induced AKI mice and LPS-treated HK2 cells were upregulated compared with the control group. Overexpression of ANRIL increased apoptosis and promoted TLR4 (Toll-like receptor 4), NF-κB phosphorylation, and downstream transcription factor production. Conclusion: ANRIL/NF-κB pathway in LPS-induced apoptosis provided theoretical guidance for ANRIL in the treatment of AKI.
Renal Histopathology
The right kidney tissue of the mice was taken, fixed by 40 g·L -1 paraformaldehyde, and dehydrated with gradient alcohol. After decalcified, embedded in paraffin, and hematoxylin and eosin staining, the morphological changes of kidney tissues were observed under a special refrigerated digital photographic device (× 400 times) for optical microscopy.
TUNEL (TdT-Mediated Biotin-dUTP Nick-End Labelling) Staining
The mouse kidney was fixed and made into paraffin sections. After dewaxing and hydration, it was sealed according to the instructions in the Tunnel staining kit, and microscope was used to observe and take pictures at the same time.
The Quantitative Real-Time Polymerase Chain Reaction Analysis
Winooski et al. used a total RNA extraction kit to isolate and extract total DNA from kidney tissues of mice, and scandlop 100 analyzer was used to measure the mRNA concentration. Quantitative real-time polymerase chain reaction was performed in the polymerase chain reaction system after reverse transcription. The expression of related genes was standardized by U6 and analyzed by the 2 DDCTT method.
Cell Culture HK-2 cells were purchased from the cell bank of the Chinese Academy of Sciences and cultured in medium containing 10% fetal bovine serum. The cell culture was carried out in a cell culture chamber at 37 ° C, with 5% carbon dioxide in the cell culture chamber. LPS with concentrations of 0, 0. 01, 0. 1, 1, and 10 g/mL were used to treat hk-2 cells for 24 h, so as to induce the model of cellular sepsis AKI. ARIL overexpression vector was constructed and cloned into pcdna3.1 (+). Positive ANRIL pcDNA plasmid was identified by sequencing. According to the manufacturer's instructions, when the cells grew to 70%, the lps-induced AKI model was briefly transfected with Anril-cDNA plasmid, and then transfected with Lipofectamine 2000. The above hk-2 cells were treated with an nuclear factor-kappa B (NF-B) inhibitor.
Enzyme-Linked Immunosorbent Assay
The blood of the mice prepared in the above procedure was centrifuged at room temperature 3,000 r/min for 10 min to obtain serum samples, and the urea nitrogen and creatinine were detected using a diagnostic kit and an automatic biochemical analyzer. The concentrations of interleukin (IL)-1β, IL-6, and tumor necrosis factor alpha (TNF-α) in serum were quantified in strict accordance with the procedures of the enzyme-linked immunosorbent assay kit. 
Luciferase Reporter Gene Assay
The 3′-UTR of the ANRIEL cDNA was amplified by a polymerase chain reaction and cloned downstream of the firefly luciferase gene pGL3. The pGL3-luc-ANRIL wild type/mutant was introduced into HEK 293T cells with mir-199a using Lipofectin 2000. Luciferase activity was measured using a dual-luciferase reporter kit after 1 day of transfection. The activity of firefly and breviscapine luciferase was determined using a dual-luciferase reporter system, normalized to Renilla luciferase activity.
MTT Determination
HEK 293T cells were inoculated into 96-well plate, the density of cell inoculation was 1 × 10,000 cells/hole. After inoculation, HEK 293T cells were cultured for 24 h. Thereafter, MTT of 10 mU/L 5 mg/mL was added into the cell pore and incubated for 4 h. After incubation, 100 mU/L dimethyl sulfoxide was added. The absorbance of each cell pore at 570 nm was measured by an enzyme label.
Western Blot
Protein was isolated from HK-2 cells or renal tissue using RIPA solution. The lysate was applied to 12% polyacrylamide gel electrophoresis and transferred to polyvinylidene fluoride membrane. The membrane was blocked by 5% milk and combined with nf-b p65 (Abeam, It was placed overnight in the refrigerator at 4 ° C. After that, it was incubated with antirabbit IgG for 2 h at 37 ° C. GAPDH antibody was used as an internal standard. The ECL Western blotting kit was used to detect all the protein bands.
Statistical Method SPSS 19.0 software was used to analyze the monitored data. Mean ± SD was used to represent the data analysis results. T test was carried out on the data analysis results of the 2 groups, and one-way ANOVA was used to analyze the data between groups. LSD test was used in the subsequent analysis. p < 0.05 showed that the difference was statistically significant.
Results

The Expression of ANRIL was Increased in LPS-Induced Kidney Injury in vivo
Ten mg/kg LPS was injected into the mice, as shown in Figure 1A , and compared with the control group, the Scr level in the LPS group increased significantly and reached its maximum in 24 h. According to Figure 1B , serum BUN level in the LPS group was significantly higher than that in the control group, and the serum BUN level in the LPS group reached a peak within 24 h.
As shown in Figure 1C , ANRIL was found to increase at the beginning of 2 h in the kidneys of the LPS group of mice and reached a peak level at 24 h. As shown in Figure 1D , miR-199a was found to decrease in the kidneys of the LPS group at the beginning of 2 h and was the lowest at the 24 h level.
To study the potential mechanism of ANRIL in AKI, ANRIL was into transfected cells. As shown in Figure 1E , the mRNA expression of miR-199a was increased in the si-ANRIL group, and the mRNA expression of miR-199a was reduced in the ANRIL-pcDNA group. It was predicted that miR-199a was a potential target for ANRIL by 3 miRNA databases (TargetScan, PicTar and miRanda; Fig. 1F ). WT or MT miR-199a-3′-UTR was cloned to confirm whether ANRIL can directly bind to miR-199a and luciferase activity was assayed. As shown in Figure  1G , overexpression of miRNA-199a mimic can significantly reduce the activity of ANRIL-3′UTR luciferase (p < 0.01), but MT ANRIL-3′UTR luciferase activity has no significant change, which fully indicates that miRNA-199a is the direct target of ANRIL in laryngeal cancer cells.
Downregulated ANRIL Expression Attenuated LPS-Induce Kidney Injuries In vitro
To analyze the role of ANRIL in LPS-induced AKI, ANRIL expression was knocked down by injecting shANRIL into mice AKI model. As shown in Figure 2A , compared with the control group, the expression of ANRIL in the LPS group decreased significantly, which indicated that the ANRIL knockdown was successful. As shown in Figure 2B , in the LPS group, the Scr level was significantly increased after 24 h of LPS injection in shNC mice, and the Scr level was significantly decreased in shANRIL mice after LPS injection. The hematoxylin and eosin staining results showed that the kidney damage of the mice was significantly increased 24 h after the LPS injection in the shNC mice, and the kidney damage of the shANRIL mice was weakened after the LPS injection (Fig. 2C) . Compared with the control group, the tubular lesion scores of the mice were higher after 24 h of LPS injection in shNC mice, and the shRNAR mice had lower renal tubular injury scores after LPS injection (Fig. 2D ). Furthermore, apoptosis was measured by TUNEL staining, from Figure 2E and F, we can see that compared with the control group, TUNEL-positive cells of the mice increased after 24 h of LPS injection in shNC mice, and the TUNEL positive cells of shANRIL mice were reduced after LPS injection.
In addition, as shown in Figure 3A , after SHNC mice were injected with LPS for 24 h, inflammatory factors (IL-1β, IL-6, MCP-1, and TNF-α) in vivo were significantly higher than those in the control group. And the levels of inflammatory factors (IL-1β, IL-6, MCP-1, and TNF-α) in shANRIL mice were significantly reduced after LPS injection. In addition, IHC staining showed that kidney neutrophil accumulation increased in mice after 24 h of LPS injection in shNC mice compared with that in the control group, and renal neutrophil accumulation decreased in shANRIL mice after LPS injection (Fig. 3B) . These data suggested that knockdown of ANRIL can inhibit kidney inflammation. 
ANRIL-Mediated LPS-Induced Apoptosis in HK-2 Cells
The role of ANRILin LPS-induced kidney injury was studied. Compared with the control group, the LPS treatment group showed a decrease in cell viability when the treatment time was prolonged (Fig. 4A ). As shown in the results of Figure 4B , with the prolongation of the LPS treatment group, the expression of ANRIL in HK-2 cells increased gradually (p < 0.05). From Figure 4C , we can see that the expression of ANRIL in the si-ANRIL group was significantly lower than that in the sh-NC group, indicating that ANRIL overexpression was successful. As shown in Figure 4D , the expression of cleaved cystatin-3 and cleaved PARP protein in siNC cells treated with LPS increased significantly, while the expression of cleaved cystatin-3 and cleaved PARP protein in siANRIL cells treated with LPS decreased significantly. From Figure 4E and F, we can see that the apoptotic rate of siNC cells increased after LPS treatment, while that of siANRIL cells decreased after LPS treatment. These data indicated that ANRIL overexpression can inhibit LPS induction.
Effect of miR-199a Reversing ANRIL on Apoptosis
The effect of ANRIL on apoptosis by targeting miR-199awas further studied. We can know from Figure 5A . Compared with the control group, the expression of mir-199a in the mir-199a simulation group was significantly lower than that in the control group, which fully demonstrated the successful overexpression of mir-199a. As shown in Figure 5B , ANRIL overexpression reduced cell viability, after the addition of microRNA-199a, the effect of ANRIL overexpression on cell viability was reversed. As shown in Figure 5C , ANRIL overexpression induced apoptosis, when mir-199a was added, the effect of ANRIL overexpression on apoptosis was reversed. These data suggest that mir-199a reversed the effect of ANRIL on apoptosis.
ANRIL Activated TLR4/NF-kB Signaling Pathway in LPS-Induced AKI in vivo and in vitro
A recent study found that LPS-induced mouse AKI promoted the development of renal injury by modulating the TLR4/MyD88/NF-kB signaling pathway [18] . To investigate whether ANRIL can regulate LPS-induced renal injury by regulating the LPS-induced renal injury signaling pathway. In vivo results were shown in Figure 6A . The phosphorylation levels of IkBa, NF-kB, and TLR4 in siNCRIL cells treated with LPS were significantly higher than those in the control group. The expression levels of TLR4 phosphorylated NF-kB p65 and phosphorylated IkBa in si-ANRIL cells treated with LPS were significantly decreased. In vitro results further confirmed that overexpression of ANRIL in HK-2 cells upregulated TLR4, phosphorylated NF-kB p65, and phosphorylated IkBa expression, while overexpression of miR-199 in HK-2 cells inhibited TLR4, phosphoric acid NF-kB p65, and phosphorylated IkBa expression. The addition of ANRIL reversed the effect of miR-199 overexpression on TLR4, phosphorylated NF-kB p65, and phosphorylated IkBa expression ( Fig. 6B) .
Role of NF-kB Pathway in ANRIL-Induced Apoptosis
The results were shown in Figure 7A . The expression levels of p-p65, c-caspase-3, and c-PARP in the ANRIL overexpression group were significantly higher than those in the control group, and the addition of PDTC inhibitor reduced the effect of ANRIL overexpression on p-p65, c-caspase-3, and c-PARP protein expression levels. As shown in Figure 7B , the apoptotic rate of the ANRIL overexpression group was significantly increased compared with the control group, and the addition of the PDTC inhibitor reduced the effect of ANRIL overexpression on the apoptosis rate. These results indicated that ANRIL was capable of biologically acting on AKI through the NF-kB pathway.
Discussion
For sepsis, the infection causes an uncontrolled systemic inflammatory response, which is excessively released by various inflammatory mediators, with extensive self-tissue and cell damage and organ dysfunction [19, 20] . Recently, studies have been conducted to identify the pathophysiological mechanisms of acute kidney injury caused by sepsis [21, 22] . TNF-α, IL-1β are important proinflammatory factors, which promote the production of cytokine storms and cascade the inflammatory response. These inflammatory mechanisms have also been shown to be involved in the process of acute kidney injury in sepsis and are the main causative factors [23] . This study also confirmed the high release of inflammatory factors TNF-α and IL-1β in the early stage after sepsis modeling.
Previous research found lncRNA plays a very powerful role in gene transcription and posttranscription regulation [24, 25] . LncRNA is abnormally expressed in inflammatory diseases and involved in the activation of various inflammation-related genes and activation of signaling pathways [26] . Previous studies have shown that lncRNA MALAT1 can inhibit NF-κB DNA binding activity, reduce the number of inflammatory cytokines, and weaken the autoimmune inflammatory response. Other studies found that ANRIL can inhibit the expression of inflammatory cytokines to some extent. This study found that the expression of ANRIL in the kidney of LKI-induced AKI mice increased gradually, indicating that ANRIL was involved in LPS-induced acute kidney injury in AKI mice.
BUN and Scr in serum are commonly used biochemical indicators for detecting renal function, and their levels in serum mainly reflect the filtering function of glomeruli [27] . In the pathological changes of renal tissue, the shANRIL group had renal tissue protection compared with the model group, which reduced the release of TUNEL-positive cells and cytokines and the accumulation of neutrophils in the kidneys of mice. In vitro results further indicated that ANRIL overexpression inhibited LPS-induced apoptosis and reduced cleaved caspase-3 expression and cleaved PARP protein levels. These data indicated that ANRIL was involved in the inflammatory response, and ANRIL silencing may partially antagonize the resulting inflammatory response, further protecting the kidney. miRNAs can target a large number of protein-coding genes as well as lncRNAs [28, 29] . Studies have found that miRNAs are associated with inflammatory diseases [30, 31] . Overex- pression of MALAT1 has been found to reduce the inhibitory effect of miR-146 on LPS-induced inflammation. In addition, the knockout of MALAT1 can inhibit inflammation by upregulating miR-146 in LPS-induced acute lung injury [32] . It has been found that upregulation of mir-29b expression in myocardial cells by gene transfection can antagonize renal injury, while lncRNA ANRIL can act as an "endogenous sponge" of miR-29b to downregulate the expression of mir-29b and cause renal injury in mice [33] . We screened miR-199a as a target gene for ANRIL by the database. And ANRIL regulated its expression by targeting the 3′UTR of the miR-199a gene.
Studies have shown that the TLR4 receptor mediates the activation of NF-κB in endothelial cells by interleukin receptor homologous domain, interleukin downstream signal transduction molecule MyD88, and TNF receptor-related factors, thus producing immuneinflammatory cytokines, leading to inflammation [34, 35] . Studies have found that MIAT can promote the expression of TLR4 by upregulating miR-93 [36] . The strong expression of tlr4 partially reverses the protective effect of miR-93 overexpression on cardiac hypertrophy. It was found that the silencing of ANRIL reduced LPS-induced TLR4, phosphorylation of NF-kB p65, and phosphorylated IkBa expression, whereas overexpression of ANRIL increased TLR4, phosphorylated NF-kB p65, and phosphorylated IkBa expression. In addition, PDTC inhibitors were capable of inhibiting apoptosis induced by overexpression of ANRIL. It was suggested that ANRIL may inhibit LPS-induced mouse kidney injury through an inflammatory pathway acting on TLR4/MyD88/NF-kB. In the future, we will further study the miR-199a-targeted binding protein and further verify whether the protein plays a regulatory role through TLR4/NF-kB pathway.
Conclusion
ANRIL can protect against LPS-induced acute kidney injury in mice by regulating mir-199a and NF-kB p65, suggesting that ANRIL may be a potential therapeutic target for AKI, this will lay a solid theoretical foundation for the clinical treatment of AKI by ANRIL.
